Regime Shifts in the Marine

Environment: How Do They Affect

Ecosystem Services? by Goffredo, Stefano
The Mediterranean Sea
Stefano Go redo · Zvy Dubinsky 
Editors
Its history and present challenges
499S. Goffredo and Z. Dubinsky (eds.), The Mediterranean Sea: Its history and present challenges, 
DOI 10.1007/978-94-007-6704-1_29, © Springer Science+Business Media Dordrecht 2014
Abstract
Marine ecosystems are facing unprecedented pressures for instance rising water tempera-
tures, changing current patterns and ocean acidification. Coastal systems in particular are 
also challenged with additional anthropogenic pressures caused by accelerating rates of 
human settlement near the coast. This trend places increasing strains on the delivery of 
ecosystem services associated with recreation but also coastal fisheries. Here we introduce 
the concepts related to ecosystem stability and ecosystem services and review the evidence 
for regime shifts in the world’s ecosystems with particular reference to the Mediterranean, 
before reviewing mechanisms for ecosystem valuations, ending with recommendations for 
increasing the practical relevance of future ecosystem evaluations. We stress the need for 
regional approaches, taking into account the views and needs of local populations, which 
might differ greatly geographically even for the same issue being considered.
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 Introduction
Defining coastal zones as those areas less than 10 m above 
sea level implies that 10 per percent of the worlds’ population 
live in this coastal zone. In Europe alone this amounts to 
roughly 50 million people (McGranahan et al. 2007; Nicholls 
et al. 2007). With rapidly growing human populations living 
in coastal areas, coastal zones are subject to increasingly 
conflicting needs and uses. The human population increasingly 
relies on coastal seas for food, and coastal areas are also 
important for recreation, shipping and power generation 
(Remoundou et al. 2009). These uses are not necessarily 
mutually compatible and put increasing pressures on coastal 
ecosystem diversity and function. These pressures will 
increase even further as climate change forces upon us the 
greater need for coastal defences against sea level rise, storms 
and flooding with subsequent impacts on coastal eco-
systems e.g. via habitat loss, changing hydrodynamics in 
estuaries etc. For a sustainable ecosystem and resource 
management some capacity for forward planning is abso-
lutely crucial (Folke et al. 2004). However, the still accelerating 
anthropogenic climate change is making this increasingly 
difficult.
 Biological Regime Shifts: Some Definitions
One class of abrupt changes in the environment is termed 
regime shift. This refers to non-linear responses of a system to 
a driver even if that driver is showing only gradual change. 
Rather than responding gradually, the system will initially show 
little response to the driver, but then, reaching a threshold ‘x’ 
(also called tipping point) move to a different system state 
(an alternative stable state) (Petraitis and Dudgeon 2004). 
Importantly a small shift of the driver back in the direction of 
the original state will not be sufficient to move the system 
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back to this original state a process known as hysteresis 
(Kinzig et al. 2006). The set of conditions in which the two 
system states will be stable is known as basins of attraction. 
Originally such shifts were defined as description of atmo-
spheric processes on multi-decadal timescales and their 
consequences for the physical environment (Rahmstorf 1999). 
In recent years however usage of the term ‘regime shift’ has 
extended to shifts observed in freshwater (Scheffer et al. 
2001b) as well as in marine and estuarine waters (Polovina 
2005; Petersen et al. 2008) and includes not only shifts in the 
physical or chemical environment but also ecological shifts 
in response to these changing drivers (de Young et al. 2004, 
2008) (reviewed in Kraberg et al. (2011)). These ‘ecosystem 
consequences’ are in the main related to changes in biologi-
cal species composition. But even changes in the trophic 
organization within an ecosystem could constitute a regime 
shift. Importantly biological components of the system can 
also be drivers of the regime shift e.g. as a result of shifts in 
predator abundance.
In the context of these abrupt shifts a further important 
concept is the ‘resilience’ of a system. This resilience refers 
to the ability of a system to absorb or adapt to disturbances 
without losing its overall structure and function. With respect 
to regime shifts this can be regarded as the ease with which 
the system can be forced to move between the alternative 
states and this is to some extent a function of the biodiversity 
and structure of the ecosystem. The species in a biological 
community are intricately linked through interactions such 
as competition and predation and alterations in these interac-
tions can influence the ability of a system to recover from a 
given stress (Scheffer et al. 2001a; Kinzig et al. 2006).
Human intervention can play a considerable role in these 
processes for instance through excessive nutrient inputs or the 
introduction of neobiota, such as the comb jelly Mnemiopsis 
leidyi in the Black and Caspian Seas (Oguz et al. 2008).
However, the consequences of climate change, such as rising 
air and water temperatures, sea level rise etc. are emerging as 
the dominant threats to ecosystem stability (Tol 2009). All of 
the above can lead to a simplification of the foodweb, if they 
cause not only a species loss per se but a loss of species 
functional types, which play a particular ecological role in the 
ecosystem (e.g. certain feeding types such as detritivores, 
planktivores etc.) and therefore a reduction in ecosystem 
resilience (Elmquist et al. 2003). Regime shifts’ considerable 
effects on ecosystem services will be discussed in the follow-
ing sections, after a brief review of evidence for regime shifts 
globally and particularly in the Mediterranean.
 Global Evidence for Regime Shifts
Regime shifts have been detected in many regions of the 
world using a range of statistical methods. In the North Sea 
for instance analyses of the SAHFOS long-term data set have 
shown a shift from diatom to dinoflagellate dominated 
phytoplankton communities with a change point around 1988 
(see also Weijerman et al. (2005)). Similar changes were also 
observed by Wiltshire et al. (2008) in the Helgoland Roads 
plankton datasets. In the northern North Sea, this change in 
the plankton was also reflected in increased catches due to 
a northward shift of horse mackerel (Reid et al. 2001). 
Simultaneous regime shifts were also detected in the Baltic 
(Alheit et al. 2005; Möllmann et al. 2009) and Pacific 
(Benson and Trites 2002; Wooster and Zhang 2004; Chiba 
et al. 2008). An earlier regime shift has also been detected in 
the Pacific in 1977 reflected in abrupt abundance changes 
of many commercial fish stocks, including several salmon 
species (Hare and Mantua 2000). However, not all observed 
even abrupt changes e.g. shifts between anchovy and sardine 
dominated systems and vice versa necessarily constitute 
regime shifts, but can be the result of cyclical shifts driven by 
climatic signals (Alheit and Bakun 2010).
 Regime Shifts in the Mediterranean
A number of recent studies have also described regime 
shifts in the Mediterranean Sea. Molinero et al. (2008) for 
instance described a shift in 1987/1988 from crustacean 
zooplankton to an assemblage dominated by gelatinous 
zooplankton for the Ligurian Sea. Their conclusions were 
based on a study of selected scyphozoan and ctenophore 
species. Their findings were corroborated by Conversi et al. 
(2010) analyzing the same time series. In an earlier study 
Conversi et al. (2009) also showed an abrupt increase in 
abundance of selected zooplankton taxa (mostly smaller 
species) in the Gulf of Trieste (see also Matić et al. (2011)).
This shift also seemed to affect other trophic levels with 
harmful dinoflagellate blooms decreasing and mucilage 
events increasing around the same time. Examining broad 
species groups rather than distinct species however, Garcia- 
Comas et al. (2011) did not detect the same regime shift-
like changes but instead oscillations on a 8–9 year time 
scale, which would not constitute regime shifts (see also 
Katara et al. (2011)). It is particularly important to under-
stand such ecological phenomena including regime shifts 
in the Mediterranean as it is known as a biodiversity hotspot 
and holds an estimated 4–18 % of global marine biodiversity 
(Bianchi and Morri 2000).
 Regime Shifts and Ecosystem Services
 Ecosystem Services
Ecosystem services can be broadly defined as the sum of all 
benefits for mankind that are derived directly or indirectly 
from ecosystems and facilitate a healthy and safe life for 
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local human populations (Fisher et al. 2008). This definition 
includes a diverse array of different services, which the 
Millennium Assessment report has classed into four groups: 
Provisioning (e.g. agriculture and fisheries), regulating 
(e.g. flood control), cultural and supporting ecosystem 
services (Millennium Ecosystem Assessment 2005a, b; 
Fig. 29.1). This subdivision already indicates the complex-
ity of the different services, but it has been criticized by 
Fisher et al. (2008) as not lending itself easily to formal eco-
nomic valuations (see also Fisher and Turner (2008)).
Ecosystem valuations are often carried out as ‘Marginal 
valuations’ where marginality refers to the assumption that 
the value of a particular service is a function of small changes 
in the flow of that service. This means that a marginal valua-
tion considers, not the total cost of an existing service (e.g. a 
forest), but the cost of delivering an additional unit of that 
service. However, this method is not suitable for the study 
of the costs of regime shifts, which are characterized by 
sudden alternations between very different ecosystem states 
including associated services. Here an additional ‘unit cost’ 
would have to be applied to an entirely different system 
(e.g. an anchovy as opposed to a sardine fishery or a system 
dominated by jellyfish rather than crustacean zooplankton as 
is increasingly seen in the Mediterranean (see case studies in 
CIESM 2008)). In such cases a risk analysis of the probability 
of attaining the new state might be more appropriate, at least 
in theory. The situation is further complicated by the fact that 
remedial and mitigation measures by humans, even action 
undertaken to protect key species in an ecosystem, can in 
themselves cause further ecosystem change (feedback loops) 
(Estes et al. 1998; Horan et al. 2011). All of these com-
plexities and inter-linkages between different services or 
components thereof have to be considered and valued without 
introducing ‘double-counting’ of individual costs.
 Biodiversity, Regime Shifts and Ecosystem 
Services
As mentioned above biodiversity plays a central role in the 
functioning and stability of any ecosystem. ‘Manipulation’ 
of one part of this system can have dramatic and unforeseen, 
Fig. 29.1 Types and components of ecosystem services as defined by the Millenium Ecosystem Assessment (synthesis report), graphic down-
loaded, January 5th, 2012 (http://millenniumassessment.org/ documents/document.354.aspx.pdf)
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non-linear consequences in another. This includes the occur-
rence of biological regime shifts and these have been shown 
in a number of different systems ranging from coral reef 
systems (Elmhirst et al. 2009), via the Canadian otter-sea 
urchin system (Estes et al. 1998) to the growing importance 
of gelatinous zooplankton in different coastal areas, including 
in the Mediterranean (Molinero et al. 2008). The economic 
impact of gelatinous plankton ’outbreaks’ in the Medi-
terranean was valuated by a range of methods, a summary 
of which is given in CIESM (2008) see also Remoundou 
et al. (2009). Valuation methods here included market analyses 
of projected losses of commercial fish stocks as well as the 
use of non-monetary indicators to value the impact on gen-
eral ecosystem stability.
In the context of biodiversity and ecosystem services it is 
worth noting that it is not always biodiversity on the whole that 
is the subject of a valuation but individual species that might be 
valued by humans because they are associated with a certain 
region or are seen as iconic or representative of biodiversity in 
general. These might also significantly enhance ecosystem 
services such as tourism (examples in the Mediterranean are: 
sharks, tuna, marlins, dolphins, monk seals) irrespective of 
their true ecological or economic significance.
Management decisions with respect to marine and coastal 
areas are therefore, not surprisingly, primarily geared towards 
maintaining the economic potential and safety of the human 
population of those areas (Fisher et al. 2008). This includes 
the maintenance of food resources and is therefore concerned, 
directly and indirectly, with the ecological consequences of 
regime shifts particularly the impacts of biodiversity changes 
on ecosystem resilience and stability (Millenium Ecosystem 
Assessment 2005a, b). Meanwhile the importance of the link 
between biodiversity and ecosystem services has also now 
been recognized by the World Economic Forum (see World 
Economic Forum (2010)).
 Conclusions and Final Recommendations
These examples demonstrate the complexities involved in 
the valuation of ecosystems. While ecosystem services such 
as fisheries and tourism (which are of particular importance 
in the Mediterranean) might have an obvious economic 
dimension, others such as nutrient cycling or photosynthesis 
are more indirect and therefore more difficult to value, 
although they might constitute a significant service function 
within a particular ecosystem.
However, the value of different ecosystem components, 
monetary or otherwise, also depends on the needs, demands 
and perceptions of the local populations benefiting from 
them. Only if these are taken into account and assessed accu-
rately, while also reconciling the management of potentially 
conflicting services such as commercial species with the 
protection of individual species and habitats will it become 
possible to convert the valuation of ecosystem services into 
efficient and coherent policy action and to address existing 
environmental legislation (Fig. 29.2) (Birol et al. 2006; 
Seppelt et al. 2011). This can be regarded as particularly 
Fig. 29.2 Summary of the different players involved in the study and 
management of ecosystem services in the face of environmental stress 
including regime shifts. The triangles indicate the level of ecosystem 
resilience and resulting ecosystem services provision. The stippled line 
refers indicates a regime shift i.e. a sudden rather than gradual change 
in resilience (or ecosystem provision)
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urgent in the Mediterranean, which has faced many pressures 
in the past e.g. nutrient enrichment/pollution from untreated 
sewage, oil discharges and overfishing while a large number 
of invasive species have led considerable modifications in 
marine biodiversity (Remoundou et al. 2009).
Clearly the overall goal is the sustainable management of 
coastal, and pelagic, resources and this is likely only to be 
achieved via an increase in resilience of the system under 
investigation. However, the most difficult step in this process 
will probably be the transition from theory to practical 
assessment and choosing the right metric (i.e. what do we 
need to measure?), spatial and temporal scales for both the 
valuation and underlying investigations of ecosystem dynam-
ics. This leads to two recommendations:
 1. Strengthening of regional approaches to the management
of regime shifts and affected ecosystem services: The
same ecosystem service might be valued very differently
in different regions, both objectively in terms of monetary
value, and in the public perception (Österblom et al.
2010). This is particularly true for non-market ecosystem
services where benefits for the local population might be
social or cultural in nature. The marginal value of these
might vary considerably between ecosystems, but with-
out concrete monetary figures that can easily be associ-
ated with these services it is difficult to motivate managers, 
policy makers and industry that action needs to be taken
in a particular case (Fisher et al. 2008). The number of
valuations combining the market and non-market values
of ecosystem services are still rare particularly in the
Mediterranean (Remoundou et al. 2009).
 2. Not surprisingly, the second recommendation is the
continued maintenance but also the better co-ordination
of data collection and large-scale joint data analyses as
well as better co-operation at different spatial scales and
different types of agencies – essentially an interdisciplin-
ary approach. Demonstrating the occurrence of a regime
shift requires, by definition, the availability of detailed
long- term biodiversity and environmental data as well as
economic data for a given region. However, equally
important is the development of robust (and standardized)
tools for the analysis of these data collections. As we are
dealing with dynamical systems these tools will likely
include the application of techniques rarely used by
marine bio logists e.g. bifurcation theory and Bayesian
techniques, for which close co-operation with mathemati-
cians and statisticians will also be essential. Lastly, for
such studies to be of relevant for the valuation of ecosys-
tem services they should also address the information
needs of economists/social scientists involved in ecosys-
tem valuations. Collaborative ties between economists
and ecologists do not exactly have a long tradition but
these have to be encouraged and fostered (Turner 2000;
Beaumont et al. 2007; Remoundou et al. 2009).
At any rate future solutions to the management of regime 
shifts will require a great deal of adaptability not only by 
resource managers but also coastal populations who might 
be faced with new food sources and different coastal 
landscapes.
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